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[J5-441 

[-2-41 

44# ^-4*Rr ^-H-«Jj 4^r4 # vilH^ 

3 ^-MBl-ol x]q ±JEL2] 4^^" 4^4/^4^47m ^4^ 

4* 4*fl ^^gr % M|J=fl.3. ^BtS #^44 4*fl 44^ ^-^0.5L^Ei 4^g-«" 4 

^4/^4^471^ *d^4^ 4^ 4^^4^ # ^1Jl4 44 Z-m^r ^*}JL, # 

^#^4 4^144 4^^- 4^4/44^441- ^-*fl 44 44^4^ # ^IJL 

4 43 51111: ^tl-4. <>14 ^4 4^ 44£i^4# ^ ^1^4 44 3114 ^ 
4^1-4^ % ^1^4 44 efl 14 47> 4^7> 45^- 44# #€4 4 ^^4^ 4#* 
4^«- 4#4/<34^444 4^^4^ 4^4 ^44t1] *ll4?!-4. 

£ 2 

[4441 

44^-44^44 # 7>^44, = # 44" hbJ13. 
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^^-^ 4 x ^t4fW # 7>«g^>^ # 4^ Heflsg 3? u o v 

^ {APPARATUS AND METHOD FOR TRACKING OPTICAL WAVELENGTH IN WAVELENGTH DIVISION MULTIPLEXED 
PASSIVE OPTICAL NETWORK USING LOOP-BACK LIGHT SOURCE} 



3E. 4fe ■& tf-E- AjAl ofloj] trHE- # s^j- Ej| ? j ^H-MH 

°i -8-^ 4^&i=b^ # 7>«a^ ^3E. 



= loop-back) °l-§-tr Sr^-W^ (Wave length Division 

Multiplexing: WDM)^ # 7><a7> T ?K Passive Optical Network: P0NH ?J 

^1 #°o v ^- (Central Office: C0H1 ^^1^ ^f^-^ #€( mult i frequency light source)^ 
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£-% v ^ sKKg- (Remote Node: RNHl ^*ltr A^^/^At^?] 

(multiplexer/demultiplexer)^ A^^lk^^ A^A °A *1 A \ A # S^J 
(tracking) ^ ^ofl ^ 7 A°M. 

Sj-^-g-^-cf^tiVAl # 7V«a^^ 7Pg*H-afl7ll 7><a^>P>Cf Cf=7fl JjLoJ^ Jl-f^ 

71] ^-g-^" ^ 9X£-*\ 7><a^H7l] JL-fi-^ J*#-g- ^7}^o_^ ^Tfl 7>«g^>Sl ^ 

1- £f« ^ 9X^. °l^f ^ ^HHS. Ir^ul, ^<g-^4 Zj- 7HJ*> #*HH # a]Jl# ^ 

^e^l 7}<£t.\ #*1<?1 # MlH^la. (Optical Network Unit: ONUHH f#^°-S. 

^€ sll^-el-^l^- 3H*U inject ion- locked Fabry-Perot 



36-5 



1020030059536 #^ 2003/10/22 

laser)M- &*}^ <£.£*ll ^^^l (Reflective Semiconductor Optical Amplifier: RSOA)^- 

^ojs-o] ^o>£l^cf. ^ vfleo^ ^^Eoil #*8= eIM3 3*B A>-g- 

Sl^ Jf = -*| ^^^S^-Ei # Al^l- ^^«Vo> ; <^£]^ ^. ^j,^ ^ 

4 sHhl- 7}7la| ^"Sr c-flolE^ *\s_6\] rq-e}. # Ajj^-g. #^i=f. ^r^M 

# vilBo^ ^-^B^l 3WKr ^H-^ 2)-^- 4i<^4 s}-^ ^S}-7> & 

tf. SE*l <^sm # ^1^1 ^>^€ % #3*Rr 3H*1^r z\7}2) % 

5H V ^-^^1 ^IJl^ -H#^ ^l^ol ta S) ja^o.^. TgaE^I c-fl o] 

-r ^cf. ^31 ti>A>^ ti>£^ <y S^tt # ^ 3]*§(power 

level )°1 nfl-f ^o> £ <g§^ # AjJil- Ji#^iL^ f^tb #3= HH^i Aijrofl 

-§-#3 <^f-<§ ^ 7^^}^ (double star) A}-g-5}<^ ^5.5] z} 

^11- ^Sfth}. ^, ^^«-Ei 7 >^7.>l-3lf ol^*V ^l^ofl A^js, *|c*j ^^1^ *V 7 fl<q 

°1 ^ sH&^-l!- ^#5r/^^2r7lS.^ Arrayed Waveguide Grating: 

AWG)7> A>-g-^nf . 

7] ^tb ^7} n}^*^ ol*l <Qt} o]o]} ^ *]<^ ^jel^ ^ ^ y&i%6)] 

^ ol^Ej 5V^-^-^uf^a o VAl ^- x]o3 o) ^. £7} 

Tfl^ ^ rc}-^ ^§>t1] ^cfig, x]cd ±j^o\] ^^/<x^sl7}3. 
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*\ 4-g-4 4^444 44"g-^4f 1 44-°l £r£.°fl ^44 44. 4#^ 4^ 

47^ 4^44 5. 4-§"4 : cr £4^.^ 4^44^ 4-I"44 44 ^r£°fl 4tr 4# 

#°i ^44. £4^^ 44^44 4^-4 in-iv^ ^-§-3. 4§44 

4-f ^-E^l 4tr 44 44#^ 4 0.1nm/°C°14, ^ 4(Si0 2 )S 41:44 3-$- £r3E<*fl o}^. 
44 €4-§:£: 4 0.01nm/°C°14. 

o]4 ^-o] ^cofl 4^^- 4^37^ 4^3-4 4 44-^4^ 444 ^ 

a\) 44 #44 44, f-4^-4 44^4# H c)-4-§- 444 #314 44^4^ 4^ 

B^Kg-^ 4^37^ 4^3-714 44^4^ 44°1 4^ 45^44 44. °14 4*r7 r 

4 s. f>4^4 44^-* <34#444 44£^4^ 444 4 4 ^<H1 4*14 44£-^- 4# 
4/44^444 44£-W^ 44h 4s 45^44 44. °H1 44 474 444=-^ 4^ 
4^r 4^1-4 #^ ^4 °1£ 4?r i r4( cross talk)7> ^7>44 4<H 4^4 

4^ 44444. 444 4<^ i^4 £4°fl 4€- 4^ 4^r4 44* 4444 

444, 44 4^-8: 44 444 ^4 44-&4:4# 444 44£-^ ^4^444 44-g- 
^■4^ 44* 4^ i^=-4 44£-^ 4^4-/^4^44^1 44^44^ 444 ^44 
4^ 4 44 HHflsg 4 #4 4 ^4 ^4 o.s. -&4 L 44. 

°H 44 44^44^44 ^-S^ % 7><a4M4 4^ 4^* 44 4^§t4f^ 
4-8- 444 44* 444 44 44^ 4*3 44tr £4sl 44344 44 

4 ^44714 4tr 4 44 4##4 *tf44534. °14^- Befl^J 4 #4 °fls4, 

Martin Zirngibl^l 4«fl ^44 1998\fl 3^ 17^4^- ^-44 4^-^ 1 d5: 5 ,729, 36951 " 
METHOD OF TRACKING A PLURALITY OF DISCRETE WAVELENGTHS OF A MULT I FREQUENCY OPTICAL 
SIGNAL FOR USE IN A PASSIVE OPTICAL NETWORK TELECOMMUNICATIONS SYSTEM"4 &4. °H1 4^- 
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(mult i frequency routerH ^^^^ # ^H^H ^Bt f^l ^l^^Jl, *fl7l=l % 

vflH^H tfl-g-SRr o.3.<H °1# discrete 

wavelength)^- BEfl^sfe 7^)^}JL flr}. 

Christopher Richard Doerr ^«fl 2001^ lO^S 16<£z\3, 

v}^^■i5}Kl3L ^16,304,35051 "TEMPERATURE COMPENSATED MULT I -CHANNEL, 
WAVELENGTH-DIVISION-MULTIPLEXED PASSIVE OPTICAL NETWORKS} ojofl tr)-^ , *1 i^JE. 

ofl>| 4^2f/ ^^##710)1 sfl^Kr WGRCWaveguide Grating Router)^ 

43 ^^Hl 45r MFLCMulti-Frequency Laser)^ ^^^-o.^, 

f^^l 3l*ltr MFL5] ^2|-^-i-o| }r.^) 3*1 WGR^l ^fl^l Mefl^^ *Rr 7]# 

-f-^-^ ^-i- ^l-g-*> sf^-^-W^^ 1 # 7><y*KHl $101 
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<15> # 2)-^- ej| ? j ^-^1^, tfT^j- ^-g- ^al^ ^^ofl -f-^-tffl %Q^r ^ 

71 s. *m m^w^ % ^ij^ mi $msr m % mi ^7)^, 

<17> M^S^fEi Cf^2}-/^^^-7ll- ^5]^ ^ 4^ 

<18> *}f$ JXj-^^-Cf^ # ^Jro} Z])^ 4^^^ # 41 mi 31 

^ ^7> 2)^7> 44^- 4^1- 4^ ^^/^^S\- 

71^1 ^J-^^nf^ m^ ^ ^1^1 71^ ^io S flcf. 

<19> a. Tg^a] ^- ^ B e| ? J w o V^^, cfB)-^- ^wl^Kr ^ d <HM = ^-fi-fr ^ 

3^ sr^OT-^lHl # 7pg*HH o^ojA^ 

<20> ^- ^_^}7] 44^" hK^iJ- 4-#sl-/^cf#s)- 

^ ^°*M- 7l§ ^(reference voltage) ^*}JL, ^-^-^ sj-^ 

^ Cf^2f/^ 4^2r7l # ^*fl ^OS^ ^ Sj-^W^ % ^71 A] ^ zlo} s). 

^ efl^^l Efl-§-*rTr 31^2} *l<y-g: ^l^oj-( m0 nitoring voltage)JL3. #^*Rr ^314, 
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<21> 7]&£<&3% ^-A]^^ £cg ^7). 2^7} Cf4^V *)H*><*| Cfsj-^- 

<23> £ 1^ ^H-^ Ol-g-^- S>^^Cf^tiVAl # 7>^^>^ # 

^(lOO)^-Bl 7>^7>#3f O]^^- ^l^oll Aj*l^ X)q ^(104)^X1^ *V 7fl^ ^-JK 102)3. 

^^5]JL, x]^ ^(104)^-Bi 4 7>^7>^ % MlH^lH ^^#(110-112)^1^ 44 S-^ 
€ -&-!■( 106 -108)3. ^^t}-. £ l^r # vije^H -fMH#(110~112)3^-£l 4^ = 
(104)2] ixj"^^- ^2)7^^5}-7l(124)S 7^ ^^(100)^ cfl oj Ei 1- ^^>^ ^ 
i^l ^AS, # x-llH^lH -fr^H!:( 110- 112)^1 n7flo]i^ ( olofl ^ rfsj-^- #^(114H 
n7flS] s^^- Al-\nol S^^t^s^ % iH^Rr ^1* $-91 

^•(100)3f *l<*j ^^.(104)21- % vilB^a. -a-MB!-(110~112) ig-^ ol§floll ^ 

<24> ^^(100)^1^ tj-s^ ^(114)2f # A^eflolEKcirculator)(116)^ sf^^r 

7](118)^ ciMEi # ^7ll-( I20~122)ol ^1^4. #^(114)^ # ^il 

s^la. ^-qsi-(iio~ii2) AAQ ^ #n 4~g-5^ %Q 

#(126-128)^1 <$nm. % ^1^1- ^^4. % ^l-eflolEi(116)^ 

(114)21- ^^H^K 118 HI <£^5L, ^^(100)4 4^ ^=(104)^1 4 

#5|-7l/^cl-^5l- 71(124) ?_>^- ^-B-(102)^l ^^^1^, ^(114)o.S.^-E^ <a 
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AA^Wt A ^ -fr(102)3. , 102)5.^- jf^* 

AA^ A ^-^^ ^cf^7l (118)3. sj-^^- ^cf#^-7l(118)^ 1 >N 3}- 

^tff^H n7 flo] jq.^. xi~Xn t.3. ^^A^ AA c-flolE^ A ^7]#(120~122)S. #3 
*V4. oje^ s^-g^ ^tj.^7l(118)3£ ^3. SiA^ s\A AAA A%AA. A^ 
A ^7lir(i20~i22)^r AA nAA^ A A 2\ A AS-% °^£)^r # -id-M) tfl-B- 

5E*b ^s.(i04H*r l >H A^A/^A^A^} (124)7} %)?)AA. AA^A 

A^A/^A^Ay)(i24)~ %^M102)s.^-b\ <ims\^ AAA AAdW^ AA^AAt A 

sHJ-^ <*A^AA°1 n7fl^ AA^ \i~\n is «-3*H ^ *fi#*Hr 
(106-108)3. 106- 108)3.-^ B\ <£&lAS= n7fl^ AA^r Xl~ Xn^\ A AS. 

1- nff^H #^-{Hl02)3 #^*Vcf. # vilB^a. -B-qHl:(110~112)<Hm AA$\ 

A A HH^i A^ #A Ji-frA AA$) A AS. A A^AA ^z.-^ #€#(126~128H ^ 
*)AA. -f-*-^ ^-€-i-(i26~i28)^ A^A AA A°] AA A 7 A A^-A^ elH^, AA% 
A^n) A^y) A AAA. 

A7)A AA A-& ^Z-»A AAA AAAAA^AA # ^l-^HHH, ^ 

^(100)^ #^(114) JL3^- Ei #^5^ # a|Jt^ % *1#iSlMEKll6) 

#7^ ^o. (102 )s. ^J=(l04)ofl , x)^ ^=(104 HI ^l*! s^-g-^ 

cf^s}-/^^5]-7i( i24)oil £]sfl sf-^-g-l- ^A^AAA. A AAA ^A^AA AA$\ AA$\ 
A As.^ AA ^-^-1-(106~108)# A MlH^H -f}-qB#( 110 -112)3 ^^H, 

A ^lB^a. 
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#(110-112)^1 31^1 *V -¥-H- H Jj #^1-(126~128H ^^tf. -f-H.-^ 

(126~128)£r # ^}Jl<4- -^^^ s}-^ 7>^H A o^ 3l°l^ n^-e)- # <J 

It #^ttcf. ^-S.-^ 126 -128)5.-^ *1 ^ i^E.(104)S 

^H, xj<* ^=(104)3 Sf^t- ^^/^^-^7l(124)^l £]*fl t^ofl 

^^(lOO)^-S ^i^^q-. ^°o v ^-( 100)^.3. sR 1 -^ 1 ^ # % ^il-e^l 

bKH6)« -§-*]-*!: tf-g-ofl sHKg-^ ^cf^^. 7 ) (118 )cHi o^^o] o^^s)^ , 

^-1}- ^4^2}-^ 4^-^ #t§= # a]^^ cflojEi # ^A]7l #(120-122)^1 zj-zj- SJ 

^&A. 

<27> £ 2^ #7ltr wl-sj- ^-1- oj-g-^- s^J-W-^-wJ-Al ^s.^ ^. ^og^^l XI 

°H, ^3 ^*HH *f2r # ^-wfl 71(224)^- # ^^l7l(228)S. o]=.<>|^^ # 4^ 
^^71^1-, # ^-wfl7l(226)^ A ^^7) (230) A #7l ^7l(232)S. o^o^fe *fl2 # ^ * 
^7}^, ^l°i7l(234)^ -£5. -n-MB (Temper atue Control Unit: TCU)(236)5. °1^*1^ 

^H^S ^sq^r A A A SEfl^ A*)7} ^^(200 HI i^-£l^ ^* £.91 ?A°)A. S. 2 
<j\AS- £ lA AA?\A3. f^^K 200)^1 7 }°^A"i:A ^<^o]] *1<* 2^ 

^(204)^1^ tr 7fl^| #^-FK202)5L ^SlJI, *1 ^=(204)^ A A^A^ A ^A3. 

-^-qSl-(210~212)7>xl^ AA ^€ M-frS-C 206 -208)5. ^^t}. zz.e]jL £ 2£ A Ml 
H^)3 -a-MH#(210-212)5^-Ei x]^ ^=(204)^ sRKg-^- 4^5r/^ i=t#3-71 (238)» 7^ 
^ o o 1 -^-(200)o.S. 3H^# #^Rr A^ ^ 
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^-ir Ji^ 4 MIH^H. -fK)Hl-(210~212H n7lH4, ojofl 44 44^ 44(214H 

n7fl^ 44-i- \l~ Xn«) 44^4#4£ # 4^1- ^^Rr afll- J±4 ?H4. 
^(200)4 4 "3 i^(204)4 4 i-ilB^H -fM SI; (210 -212) 4^1 4 £ £ ^-^o) ^ofl ^ 

^4^(200 HI 4^ (204)^1 44^-* 4^4/^4^471(238)4 

^4^ 4 ^-H-(202)4 4 4t-3H^(2i6) 43 4 *\3L 7$s.^<*\] 4i % 4-3 # 

^7} (224)4 *fl2 # 4^ ^7)9\ 4 ^-Hfl7l(226)7> H444. ^&|al 444 4^(214)^ 

#^3^ 4^44^ # 4 4 #31 °1^ (216)4 % ^71(224) ^ 4 ^tifl7l 

(226)# 4*1 4^4(202)-& 4« ±E.(204)S. ^4^, 4^ t-EL(204)3 44^ 

4^4/^4^471(238)^1 4*11 44-g-^- ^4#444. 4^-g-^: ^4^44 443 4^3 
# ^lS#^r 44 ^-B-#(206~208)* -f-*H 4 1-11 H4H -fr4H#(210~212)3. 4^4^ 
= 44#(240~242H1 o g^44. ^-S-^l 4^-&(240-242)£r <^4 4 4-^4 

44# 71-4^ 4^ Ais^l 44 ^4 4 4:^1- #3*1:4. °14^ ^H-^ 

(240-242)3.-^-} #^4 43L^r 4^ ^=(204)5. 4^4^, 4^ ^-E.(204)3 4^^ 4^ 

4/^4^471(238)^1 4*11 4#£-§ 4^44 4-§-°ll ^4^-( 200)^.5. 4^44. ^4^-(200) 
^-S 4^4 4^ 44£- 1 &4# 4 4s^r 4 ^-«fl7l(226) 4 4 ^-tifl 71(224)4 4 4€3H4 
(216)1- *4*i 4^1 44-S-4 ^4^44(218)^1 <y^44 44^ ^4^44H, 44^- 

^- ^4^44 443 443 4^ 4 4J^r HH^i 4 ^r44-I-(220-222Hl ^ 

44. 

fJ:^ ^7l 4 41 4 44 #^7l^ 4« i^EL(204)3 4 ^H^H 4^H#(210~212)S. 

4^44 3*11 444 44(214) j^-?^ 44-g-^ 4^4/^4^471(238)3. 4^4^ 44 
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4*o V £--&4^ % ^4 efl^-g; ^tr4. XII % 43 ^7lS] # «-yfl 71(224)^ # lfl 

B^lH -a-MH#(210~212)^. &^f>}7} ^Sfl 44^ ^(214)-9.S-^Bl t^a^tf 
^471(238)5. €^4^ S>*8= 4#£-^4^ # 41^4 £4*15*1 # ^a] 71(228)^1] <^7> 

tt4. # ^71(228)^ % ^•wfl7l(224)^l 4*fl &7}& % ^4 43 

tfl-g-*J-fe 31*14 7l^<y-o_S.4 aflo^l (234)3. #3^4. 

^-7]tb XI 2 # 43 ^HJ4fe # MlB^aL f^Ef( 210 -212)5] #31 #(240 ~ 

242)5^ 3^14 <X 4^1- 4^4/4 4#47l(238)» *HQ4fe 4#£-^4 ; § i # 

^!5l4 43 Sfl^^r XI 2 # 43 ^714 # ^-yfl 71(226)^ ^-H-^ #3#(240~ 

242)^L^Ei ^14 <X 4^^" 4^4/44^471(238)* **fl ^4^r ^ 4^£« 4^ 
# 4! 3: 4 ^71^1^ # ^Ai7l(230)<^l <ii7H!:4. # ^Al7l(230)^ # ^4(226)^1 

71 #^7l(232)S #^tr4. ^7l ^#71(232)^ 4431^ 44# #3(214)4 4#£^4^ 
4-#4- 4-#£^ 4^4/44^471(238)4 4^*4^ 4#°1 «1*1« 71^^^ £o> 
4^ ^4 ^ #^-*H XH7K234H1 ^l7>t!:4. 

A oMt> XH-^fe ^-71 *v 44 £4 XI l, X12 # 43 ^r^H 4*fl *>*j= 4^ 

^•4^ # 413:4 43 31 H4 4^*4^ # 413:4 43 31 H4 ^j-7]- m_7} 
44^- #3(214)4 4#-g-^4^ 44M: 4^1- 4^4/44^44(238)4 4^^4^ 4 
#4 °^14X1 XH*V4. °1* 4*11 XH-^4 TCU(236)7> 44# #3(214H1 #44<X 
XH7](234)4 XH^I 44 44# #3(214)4 £r£* ^4*14711 44. °]zWt TCU(236)54 
^ 1^471 (Thermo-Electric Cooler: TEC)7> 4-&€ ^ ojcf. 7l (234)£r # *r<&7] 
(228)5.-?- El 7l^^«y-4- ^7l ^71(232)* 4*1 # ^71(230)5.^-4 <g^4fe 4 
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Al^<y-5] %\7\ ^^7} TCU(236H1 £)*f| t}2j-# ^(214)^ ^H^-o.^ 

W# #€(214)31 ^-^W^ 2}-^-* 4^^" ^37^ 4^71 (238)3} 

#4 <^^5l£^- # ^ Sefl^t ^ft^. °]e-itV ^1^71(234)5.^^ ^f#*Kr ^ 

A o v 7l^ ^^1 # 5|-*V Hsfl^Hl £t\.. (200) o]l 

44^ #€(214)31 l^^j -B-^mcf. o}6\) ^ ^(214)^1 3jJf #^-§- 

^*Rr # ^7l(228HH ^#51^ 7l§ ^J^Ml ^1=14. ^Bl^, ^<#^(200) 

o\) tj.^.^- #€(214)3] sK>^tf# ^4 *1<* i^E.(204)ofl ^l^RV 4^2}- 

/^ ^31-71 (238)31 ^^l ^-Mir, #*g= ^-g-W-^ % J»Hfl 

7> ^^\7} ^t}. av 7 |^. ^ s^^tf^ # aIJ:^ ^o o v^. ( 2oo)oll^ cfs)-^- %Q 

(214)31 *>^= ^^^Cf^ ^ X)3L7\ i^E.(204HH S^-g^ rt^^s) ^ 

H. -6-^Hl-(210~212)^ ^H-y-fl ^-^#(240-242)^1 4^1 <*\ i^E.(204) 

<HH 4^^-% v tf^2l-£H ^°o V ^"(200)AS. ^^£l^ # ^1Jl-& £MW. 

tb^ ^^(200)31- # MIH^H -frMH#(210~212)-g- ^SRr % ^a^l 
sH, # t-llH^-13. -B-tJ|H-i-(210~212)^l ^-5.-^ #€#(240~242)5.^-&| #^£l^ # 

QjL^ ^J^tt # ^1S21 sHflofl tllBll*Vcl-. ILEl£S #^(200)^-5 *i^5l^r # 

U= ^^W^ # ^l^^l 3*$|fe ^^(200)^1^-1 # vilH^H -B-qH#(210~212)S. 

#€(214)3} #^<y sj-^H-cf^ # jq-^jofl °)^}7)} ^cf. zz. 

nfn)-^- ^ (214)4 sl-#-g-«- cf^s}-/^ ^51-71(238)31 4#£-«-4# Q*}^ 

3* 71^ ^-A] #<y-3l ^<3- ^>7> 5|4i7> 51^ , Cfsj-^- ^(214)21" Cf^S}-/ 

36-15 



1020030059536 2003/10/22 

^7H>71) ^cf. ^^71(234)^ #*}*}°\ TCIK236H1 ^*fl ^(214) 

#^(214)£] sf-^ih}^ sJ-^M ^£ ^^-ofl a)-^ ^j=(204Hl 

$\*}^ 4#2r/^ At^?} (238)21 sf^^^ 4^ Hefl^KE^- *H ^ 

^7}% t^-S^ ^(214) SLS.*], £4^1 3^ ^7># 7}^)^, o] 3^ 

ofl ^*fl ^ £fl^°l ^I^xr t}*r# A>-g-^ ^ ojq. ol&|tb #^5.^ <^ 

# (Erbium) ^-fi-* °] •%■*): efl^^i ^-g- ^ a^ieei 

^■^■^ ^K£*)l ^-^7l# oj-g-tt 4^ ^ ^e) # ^IJ: 

n Jr<H ^ (214)^1 5\*£ z^t-M tfl^M ^ 

^l^, TCU(236)5.^ A>-g-§>^ 9l^i^^7l» tfsj-^V ^(214)^1 JE^^g 4)^ 3*H1 #3" 
^-f ^]^7l(234)7> iE^S^ 3)^ ^€ l^z^H ^1^}^ 

H7l^ yj-^g; S^*}^, £4^-^ 3^ ^7V^ -£5.7} *\}o]% 0.j£.*) 5]^^7>^1 3j- 

^J-ol ^sl-sls.s, ^(214)^1 sf^-* ^H7l(234)7> Tflol 

H- *r S^-. ^(214)0] # A]Ji7> ^TirRr o}^ nfl^s]- ojs. ^ 

7) ^ofl <^fl cfl^o] cfs)-^- ^olefig, TCU(236)^i ^}-§-*rTr l^^^l 

1- 4^ ^(214)^ ^<H1 ^tr4. ^lsitr ^-f ^H7](234)7> ^ofl 

36-16 



1020030059536 #^ <£t-}: 2003/10/22 

7H *fl^*Hr 3^ 3.7}^ «j-^-8: S^*}^, °1^ -8r£7> *1H^°.5*| t}s}# 

(214)3 sj-^^-cf^ sj-^ ^1^71(234)7} ^ &t}. 

<36> ^-71^!: ^°1 f^^OOHl 3l*lt} ^-=1-^- #^(214)£l s^^-^f 1 s^j-ol *l<* 
^(204)^1 31*1*!- 3}#-g-^- cf#Sl-/^cf^S|.7l (238)3 HEfl^to^ f^H^OO)^ 

s 3^1^ #*§= # 4^|7> ^tfl 7 > ^ ^ sx^. Q M sHa-g-l-t} 

^ *}#!- ^1 *H+3 «-8r 3*11 ^}-§-*W51 ^ ^Bl-, *1^ ^(204) 

*im3 31 #^*}°3 #<#^-(200)ilS ^.xfl7l 31 *V ^«lt A>-g-^l ^ 

51^ ^V«^-^ Aljro] o^tLc^ Tfl Ol Si SI- ol-g-^H Sf^- E2]l ?0 l5}£S ^13^ 

<37> ^ ^-7l*V ^ # Sj-^l- EEfl^l- <fl^ *lH7l(234)5] ?]}o]7} %o)t}7\) 0)^.0]^] 

5^ *>7l t}3}# #31(214)3} 4^^- tl^/^^M (238)3 

^3", -SM ^ 7l§ ^3} ^A] ^oj-ol ^o}^^. ^ olcf. OH- ^fl % 

71^(224,226)3 ^-71 Hl^r* ^-^Tll *H , ;$H7l(234)3- # ^71(230) $.7} ^ 

71(232)1- ^f-JI, #31(214)4 s}#£-^- 4^/^^71(238)^ s}#^t}# 

<U*m ^-fofl #*1 ^oj-ol 7l§ ^4 <H*1*}51^- #71 #^71(232)3 ol^ 
3". 

<38> -S-7l*t w}3- ^-ol *)H 71(234)7} #^(200)^11 3*lt} c}s}# #32(214)3 

*M # 3}# H2fl# *}^ <£jiel#(algorithm)3 oflofl H€- ^ £ 3<^1 (300) ~ 

(320)#7il£Ai i^c}. ^6fl u}=. # ;s}# E2fl ? j|. a1^}t11 3^ *)H 7l ( 234 ) (300) 
#3HH 7}^&<&J>\- ^l^oj-^- ^^3-. £ 3^1^-1^ Ol^flo] ^o^S. o^fl 7 i^^oj.^. vio.^ 
S7lsr}^jl #a1#°*M: V2^ S7l^}^c}. t^ofl ^H7l(234)^ (302)#7?HH 7}^^ Vl4 
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^-Al^oj- V2 cq ^oj- ^ | V1-V2 | # *>3.*1 ^, (304)^:^1^1^ 44# ^ 

(214)4 Pi ^ ^JE ^5)- tt^ AT'&f A o^4?14. 

<39> ol^i cf4^- #^(214)4 <£sHl ^J2.tr 42*- -H^H (306)^7lH14 <^ aItI 

^4 ^, ^4(234)^ (308)~(310)^:^HlAi cfA] 7)^#<S Vl4 #4^14- V2* 
°l#sl #°}- | V1-V2 | * M ^ 45.4 ^^tj-. 

<40> t]~g-ofl 2)144(234)^ (312)^7lH4 ^*fl 47} Vr ^H^l7>« ^4^4. 

°M ^*fl ^4 47> <U>§# Vr ^l^er^, ^144(234)^ 44#. ^(214)4 4 ; 9"g-^- 4^4 
/<* ^471(238)4 4^-^-11-4^ 4^4 "iWRr 3-2.5 #^4^ #4 tr (306)^45 4-& 
4 #4. °H1 44 44^ #31(214)4 44^ 4^4/^ 4^44 (238)^1 s^Kg-^-r}-^ 4 
^Vo) <^^1^ ^-fofl^ 44^ ^(214)^1 -&£7> ncflS. ^1^4. #4^ 44 ^°1 44 
^ #31(214)4 44£-^ 4^4/ ^4#44 ( 238)4 4#£-«:4'§ l 44°1 ^-f^l 44 

44*1 71^ ^<g-4 <H*14:S^r ^71 ^71(232)4 ^s- ol^-o. oio ££) 44^- 

#€(214)4 44-&^ 4^4/^4^4 71(238)4 ^V*^^ 4* c Voj H*!^-^ ^ ^og. 
4^r 0°1 € 3H4. 444 J2-47 r 51* ^ 9X°-B.sL ^4 44 *\7\ qo] oj-qe)- sflsi 44# 
#4(214)4 44^ 4#4/<3 4^44 (238)4 44£r*4^ 44°1 114tr 33 
^ 4^4 #4 VrAs 44 ii444. 

<4i> s£ 7 ]isV (312)4"444 ^ *} 7 > Vr* ^4* ^-M^r 444(234)^r 

(314)12 tIHH ^ 44 44 °14 44 4# 4^44. °14 44 44 444 4-7} 44 4 
<g- *H 4«fl ^7>45344, ^44 44 47> 4*11 4 
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<y- *K«itf h4 ^^Mlfe 4s|-# #€(214)4 sR^«-4^ 4^4 4^1- 4^4/034 

#471(238)4 4^W# 4^ <^\+ ^£7> ^7}f>}31 4*1^. olofl 44 *j)<H 

4(234)^r (316)^-^011^ 44^V #^ (214)4 oj^jzf laVtfls. ^£ £4 #3 AT^f 

^ W?Jc}. & f oj^ofl 44^ #:g(214)4 £51 £4 ^ AT^ ^4 

%9X^ °M<$$r #€(214)4 £51 £4 43 AT^ ^R>Al7]Jl ( o]^<Hl 

4# #€(214)4 ^£1- £51 ^4 #3 AT## ^-#^£4^ olSHm ^-S|-# #€(214) 
4 £51-1- £51 £4 #3 AT^r# #<£4 71 xr 

< 42 > oi«4 ^3 3*1) ^oj-si 44 oi^i #<g- *H1 «l«fl ^ ^7} ^ 

*fl ^«a- *KS.£|- # ^-fofl^ 44-# #€(214)4 4#4 4#^ 4^3-/^4^ 

4 71(238)3 4^W^ 4#4 <H*\* ^£7> #^7>}JL ?1^-Br ^ni^-4. olofl 44 

*lH 71(234)^ (318)#7lH4 #€(214)4 £51» 4*14 £r£ ^ ^ AT 

^ A c^ *}#Ai5[i4. oi^ofl 44^ #€(214)4 £5L# £51 ^4 #3 at^ 

^^SS^ °HeH:£ 4*1 4^ #^1(214)4 £511- £51 ^4 ?_>3 ATL># 

71 al, ol^ofl 44*j- #^(214)4 -Sr£» £rS. £^ AT^# *RM^^4^ o]«i<=H]£ 5E 

44 44# #€(214)4 ^r£# -Sr£ €3- #3 at^ *R44^ 344. 
<43> a> 7 ) tb (316)^^1 5E^ #7lt!r (318)^:41 4^ afl^K 234)3=- ^^fl 4«- o]^ ^<y- 

^>s. 4^1 (306)^7fls 5) #4 #4. 

<44> olofl 44 ^144(234)^ 4?»4 7l§^<y- vi4 V24 I V1-V2 I Mr 

01^4 ^<y- 44 ^ 7 fl4 ^oj- 4011 4^-4711 44# #€(214)4 ££!♦ £*147l 

714 ^ ^rS- AT^ 4 7 ^l7l 7l§^<y- Vl4 #^1^ V2 
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2) x}o} 7 } £{^7} S1S.-3- ^iLsL*), t\-^ 3^(214)^ 4#°1 sHfrS-th 

mt^^7\ (238)21 4^*4^ S^-fr HHflfJ^S. ^ ^^Al7l7H ^4. 
<45> oJ 7 H 7l§^<y- V14 ^J-Al^oj- V22} I V1-V2 I 2} 3.7)7} tfiflaj O.S. #^r-ij- ^ 

£ €3* ?i3 AT# H711 -i^*>o! ( I V1-V2 I 7} tftflaj O.3. ^H:^ #5* 

AT* *J"7fl ^*Rr ^^-S, ?\}°\7] (234) 7> £5. #3 AT* * r 2l 371 cH] ^ 

4. 

<46> ^ ^ ^=(204)^ £r51 £3H 44 ^^(200)^ 3}-^^- <34^S)-7l (218)2} 4 

^5. *1<^ i^E.(204Hl $1*1 1!: 4^£-^ 4^Sr/^ 4^71(238)21 Sf^^-cf^ 
*\3. ^H^M-Tll £4. ^^(200)<H1 £M*1 44^ (214)^^1 4M4 4 

^^#2>7l (218)^1 4#.£ 4<*j i^E. (204)4 4#£-*h 

4^4/^4^471(238)21 s^V-g-^c^ ^Kg. Ee||? 0 ij}£^ ^- ^£ ojcf. 

<47> SL 4^ ^<#^-(400Hl 9X°]*\ 44# J 9-€(414)«^ 4M4 4#£-^ 4^4-71 (418)2} 

4^ *1<* ^=(404)4 4^«" 4^4/^ 4^2>7l (442)21 s^-g^tf.- 4# 
* t^2] 4^- ^*HH1 4€" # 4# B2fl7 0 l ^1^- i^-^j- ^H_«fl 

°l-§-tr 4^*^ # 7><y4 1 £4 J±°] 3H4. ol^*v £ 421 ^ 

^(400)^1 £ ^4 # 4*1 B2fl53 Tfl 1,^2 # 4^ «lR)7l4 ^H-^-S. ^ 

^4. ZLS^ZL ^>7lt!: -£ 221- v}&7}*]3, ^1 3gr 4^ ^^71^ % ^Wfl 7l (424)4 % ^7) 
(428)5. ol ^fl2 % 3\-<% ^7}^ % ^- tifl 71(426)21- % (430)21- *l7l #^7l 

(432)S ol-f-0^4. cfnl *1H^ 71(434)21- -frMS(Temperatue Control 
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Unit: TCU)(436)^& ^§=-71(438)^ *)|<H ttM B (Temper atue Control Unit: 

TCU)(440)7V ^7f£)c>i o]^c>|^lcf. 

<48> ZLElJl £ 4^1 ^£ A o>7l ^ £ 2Sf n}^7HS ^°o V ^-( 400)^1 7}^^3\- «?l^tr *1 ^ 

ofl ^^1^ (404)^1^ tr 7flS] ^-fr(402)S. ^^l^, ^=(404)^ z| 7> 

°]*}<>] ^ uflB^a -f^Bl-(410~412)7H^ AA i^^Q ^-^-€-(406 -408)5. ^^€^f. 
ZLe]jL £ 4S. % M]H^3 -R-^B#(410~412)S^-Bi in^.(404)^ sj-^^-^- cf^S|-/«cf 

^S}-7l(442)€" 7]5\ ^^(400)^-5 HH^l* *I^Rr ^* ^^-S, # *flH$| 

3. ^St(410~412)ol n7lM^, ojofl uj-s}- nj-s^ #^I(414H n7fl^ Hj-^V-S- xi~Xn«l 4 

<49> ^-71 tr ^°o v ^-(400H 9X°]*\ ^=(404)^ Sf^^- cf^^/^cf^sj-jl (442)$f ^ 

^5]^ # ^-R-(402)sf % A-^eiloiE-K416) # 41 S ^5^1 *)]1 3r 43 ^7l<a] % 

^-tifl 71(424)^ ^12 # 43 #^7l^ # «. ti fl 7 ](426)7> *|*m4. 
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grWs- % St±JLS\ 44 4*14 4#£-^4f- % 4^ 4>§5] x} 7 } 2\±7\ S\S. 

^ 44# 3H1(414)S] 4 ; 9"g-^4f i 4^4 4^£-fj- ^4^44(418)4 4 ; ££-^4^ 4#* 
44-g-«- 4^4/^4^471(442)4 sf^t4f 4#4 <H*144 44^4. cj^- *\]o] 
^ TCU(436)7> 44# #31 (414 HI *J-434 4<H 71(434)4 *H4ofl 4^ 44*j- ^(414)^1 

£44^4 4^§:&1, SE 4^ TCU(440)7|- 4^^- ^ 4^471 (418H1 ^444 ^} 
^71(438)1- ^ *1H 71(434)^ ^}o\d\) 45}- 3^ «^cf ^2|.7l(418)^ ^5L# ^^1^1 
4. TCU(440)£ ^^^^-7](Thermo-Electric Cooler: TEC)7]- 4-§-€ + ojo.^ t 4^V«-^- ^cf 
^47)(418)5.4 £4^1 4li ^47> 4-§-=l5U4 1 3, TCU(440)5.4 4-£4tt ^W^l- 4 
^!4#47] (418)5. £45.^ 3*1 ^7H1 ^v^-cf. o]e^ ^-f 4471 (434) 7> 

£45^ 444 14^44^1 4^Rr 4^-4 H7l cq. y j-^ £3X1-^ 

^ 4^ 34^1 -g.£7> *fl4^ CL^Mj £4^ 4^34^1 5)-^-a-rf^ 440] 44£)jH.^, 
44^ ^4^2r7l(418)^ 4^^-^4^ 4^8: ^1^71(434)7]- ^H%V 4, oiq. cr^H *l7l 

^71(438)^ 444 4^1(414)^ ^5Lo)] ^ 44 ^4 44^ ^4^471(418)4 

4 41 44 4^ 47> 4 s. 4^-h.s., 4°1 71(434)7} 444 #13 iei -g-sfl TCU# 

(436,438)-!: ^4 oj) 44 4*fi 4~8-* ?H4. ^JEL^. 44 ^ 7 }(438)2] 

01^.0. q.^^. ^-oj ( 4 14 )^ -2-5: chi cflt 44 ^4 44£r 1 & ^4^4-71(418)4 314 
44 4-§-44 ^^t!-4. 444 *lH7l (434)7} 45. 4= ^ iH » #^fl TCU(436) 

4 TCU(440)« 44 444^ ^44^, #71 ^71(438)^7 4-S-^- ^-S.7> £4. 

#4$t ^H7l(434)^ 4 ^Al7l(428)S^-E-l <g 34*r 7]^444 47I ^4(432)1- 
7l*l 4 ^7l (430)5.^- E-l <^^5l^ 4444^1 44 4-71- ^^7} 4 514 TCU(436H1 £)*fl 4 
44 431(414)4 44^-4 4* si TCU(440)<H1 ^1*11 44^-^- ^^44(418)^ ^£ 
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♦ ^H^g-JLsL*), 44 ; £ #31(414)4 44^4 ^4#47l (418)4 44^4^ 44* 44 

^4 4#4/^ 4^471 (442)4 44^-44^ 444 1144^- % 44 sefl^'t 4W4. 

°H 44 ^4^(400H 444 444 4-¥K4i4)4 44-^44^ 44 ^4 444 4 
4 44^-44^ % 43l« ^4#44°i 44 dH^i 4 ^>0 7l-i- (420 -422)^ 444^ 44 
£4 ^4^471(418)4 44£- 44^-4 4^4/^4^471(442)4 44* saj|53*WI 

€4. 

°H44 #4^-(400)JisL 4^4^ 44 44^-44^ 4 4^:4 4^7}- ^cfl7> 4H4 
44 44£4 ^4^47l(4i8)ofl 4*11 44^-4 44^44^ 44 44^-44^ 4 

4Jl*11 5U°14 oi-g-sKr *im4 4 ^1^1 44 ^471- ^\^7\ 4 £4 4 ^ &4. °H ^"S- 
£-44^ 4W f^l 444 44* B2fl^4* 4*11 4-8-445. &* £4 444, 44 ^ 
je.(404HH 4 ^^4 44 31^* ^4<^l ^4^-(400)°.s. ri47l 4 4 ^a|t 4-g-^l & 
-a, 4^4^r 44444^ 4J:4 H44 444 ol-g-4^ 4^- e^^j^ ^ 

^44 ^ &4. 

44 4^4 4 4^4 4^14^ ^434 4*HH 44 4^453^4, ^^ 7 >4 4 

*J°1 4^4 ^44^14 *r 5U4. 4^1 4^4 44^H14tt 44^-4 4^4/ 

44^471(442)^ £4^1 34 ^47> 444 tt ^4-^1 3-§-4^r #^^-4, ^£ 4 

4o]l 44 44°1 ^44^ ^4» 4-§-4^r ^4-^1^ 447>4s. ^-g-44. 444 4^4 

4^4 4 A HH1 44°1 4^4^ 44^ ^H^^44 ^^^44 ^f-4 
o}§}-cc| ^§><^^o> ^.4. 
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[$^* 1] 

tfs^v ^-ti^Kr f$^o\] ^wl*Rr # u)lH^H 

#7l ^H-«fl #^13^ ^71 Cf^/^tq-#s)-7l» ^*fl T^^r 

« ^s?-/q^^.7l^ s^Sr^t^ 3^-^ «a^ls)7fl *lH*Rr ^H^-» ^^-S 
2] 

*fll%M] ^-71 ^#2l-/^4^5|-7l7>, ^ ^7>^* 
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[^n 1 * 3] 

*U*<H1 &<H*1, #7l ^fl<H-¥-7>, #7l ^#^1 $1*1=1<H #7l #^= s^^^f- # 4! 

3}-#«-^-cl-^ 3(-#2f ^^l^Tfl ^Hft ^ # aj.^. e^j ^ . 

4] 

*1131H1 #71 t^Sj-/^ 1*^714 #71 ^Cf^7l7V, insi- 
st 5)^ ^7>^^- *}^r # 4# Hefl^ 1 #*1. 

5] 

^l^Hr ^^l = ^l^Kr rf^o) ^- uilH^H 

#71 # tllH^H ^StS ^i^>7l ^Sfl #71 nf^-# ^^S^-Hi #7l 4#^-^- 
t}#s}-/W^7j3L 3^3^ S}^ 4#£^# ^ ^1^3] gJ^i « 7 ]Al7l^ % -g- ti]l 71 

#71 ^1 # ^tifl 7 Hl o^gfl «- 7 ^ # Aljr # ^4!*H ^ ^ eflt^ tfl-g-sRr efl^ 

^ 71^^^-O.SAi #^*Kr *f|l # ^7l^, 

#71 -f^-^ ^QWsL^l #71 3*#3-« Cf^S)"/^^^7ll- -f-«H ^#£] 

^ #*8= # #Jl^ ^^-1- ^"7lAl7l^ ^2 % &*V]2\, 
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#7l #^1^ ^£ XH WB^, 

#7] 7l^^^4 ^-7) SM^oj-S] ^7> ^7} ^- 7l ^ £ ^||<H ^ 

*ti #71 t}sf-# X|<H*H #71 4^# ^€^1 ^-#^-^^ #71 s|-#-g- 

% v cl-^5}-/^cf^^-7l^ 4#^^-cf^ 4#4 H*^^ *}tt ^H7l# ^«l#-g- 
^ # 4# Be|^ #*1. 

6] 

^15* 0 H1 9X<>]*\, #71 4#^-« Cf^2}-/^Cl-^5}-7l7> ( £4^1 3*KJ^T ^HS-^sL 

*}tt # 4# B5fl7j ^1 . 

7] 

Xl5*<Ml sa^-H, 

#7l 7)12 # ^A]7l^E^ -S-71 XM^S. 9l7}S)t± #71 ^l^tf-fr #7l t^tf ^ 
3 4#^-t^ S)-#21- ^-71 =!-#£-«- *\^/nt\^7}°] S^^tf^ 4^-cl <2^^- rtfl 
#71 7l$^^4 ^€ ^ 01^.0.^ ^W*r ^71 ^7l§ C-l ^tll^H, 

#71 XI 1 % ^-«fl7l^l ^-71 Hl^ ^-71 XI 2 % 9] B]^o) ^^g- 

S # S^V EjJ ?( j ^1. 
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8] 

9] 
10] 

^18%H1 &<H>H, #7} ^]^7lfif n^^7}°\] £r£ *1H T^H 

AMofl ^-71 Cj-S}-^ tfltl 4# ^4 A oM ^4^5|-7lSl 
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113 

^l^Kr #<y-^i ^h-^ tHr^l # i-im^a. -8-MB 

*1<* ^-o] 4#£-i£ cf^5j-/^cf^^-7ll- ^ g^slfe 4^^-4^« 0 V^ # 
tfl ellt^ 7l^^«a-o.S ^§*}JI, #71 ^l:S^-Ei #71 

^#Sl-/^^Sl-7l« ^f-Sfl ^S]^ #*J= 4^^"^ # ^1^4 ^7lAl^ 
#7} 7l§^<y-4 #71 ^-Al^oj-o^ ^oj- ^ ^^ 7 > £l£^ #7l 44# ^-^^ ^5L# 

1<H*H A o v 7l t]-4# #314 4#^^4^ 4#^- # 7 ] 4#;g-^ t^aj-/^ 4^3-714 4#-£ 

123 

^lii^i 9i^, 4^ ^i7>, 

^l?i^W ^71 7l^^«y-4 #71 #*1 *i*fl4 ^« ^8*Rr ^14, 

^71 ^*i)4 *>7> <U^& oixfl^ ^^.oflfe. #71 44# #€3 ^it -R-^l^l 71^ 
^14, 

A o V 7l ^7.fl4 ^og- *]. 7> Sj^-g- ^4^- ^ofl^ o]^o) ^oj- 44 # 7 ] ^4 

*}# 4^Rr #7114, 
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